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Description 
[PROCESS FOR FABRICATING BUMPS] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92119937, filed 2003/7/22. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to a process for fabricating 
bumps. More particularly, the present invention relates to 
a process of forming a plurality of bumps with uniform 
thickness on a substrate by electroplating. 

[0004] Description of the Related Art 

[0005] with great advances in information technologies, multi- 
media market continues to expand. The techniques for 
packaging integrated circuits also reflect the need for dig- 
ital processing, networking, area connection and func- 
tional personalization in electronic products. To increase 
the processing speed, multi-functional capacity, level of 



integration and compactness, miniaturization and densifi- 
cation of integrated circuit packages is an ongoing activ- 
ity. As a result, high-density integrated circuit packages 
including ball grid array (BGA), chip-scale package (CSP), 
flip chip (F/C), multi-chip module (MCM) have been devel- 
oped. The so-called integrated circuit package density is a 
measurement for the number of pins that can be accom- 
modated per unit area. Since reducing the length of layout 
wires is highly beneficial to signal transmission for a 
high-density integrated circuit package, bumps have be- 
come a popular means of electrical connection inside a 
high-density package. 
[0006] Fig. 1 is a schematic cross-sectional view of conventional 
bumps over a substrate. To fabricate bumps on a wafer, a 
substrate 100 with a plurality of bonding pads 102 and a 
passivation layer 104 thereon is provided. Thereafter, an 
under-bump-metallurgy (UBM) layer 106 is formed over 
the substrate 100 to serve as a junction interface between 
a subsequently formed bump 112 and the bonding pads 
102. A photoresist layer 108 is formed over the substrate 
100. The photoresist layer 108 has a plurality of openings 
110 that exposes the bonding pads 102 and determines 
the location of the bumps 112. 



[0007] At present, face-to-face chip bonding to form a multi- 
chip package is frequently adopted to increase packing 
density. In general, bumps having different pitch and 
height must be produced on the same chip or carrier. To 
produce bumps 112 having different size and height after 
a reflow operation, the openings 110 in the photoresist 
layer are often designed to have different widths accord- 
ing to demands. Through setting the height level and 
width of each opening 110, the volume of solder material 
deposited inside each opening 110 can be deduced. Af- 
terwards, the substrate 100 is dipped into a pool of elec- 
trolytic solution and a direct current (DC) is passed 
through the solution to begin electroplating. At the end of 
the electroplating operation, bumps 112 of various vol- 
umes are produced inside the openings 110. 

[0008] | n the conventional bump fabrication process, a single di- 
rect current is passed to carry out the electroplating oper- 
ation. When the opening is too narrow or too deep, that is, 
the aspect ratio of the opening is greater than 1.2, mass 
transfer of the electrolytic solution is usually poor. Under 
such circumstances, the metallic ions within the elec- 
trolytic solution can hardly diffuse into the openings. In 
other words, the conventional process of forming bumps 



by passing a direct current into an electrolytic solution 
can hardly produce a uniform bump thickness inside each 
opening due to variant electroplating rates in the open- 
ings with different widths. 
[0009] Furthermore, as the aspect ratio of the opening in the 

photoresist layer becomes larger than 1.2, some conduc- 
tive material may gradually deposit in the corner regions 
between the upper surface and the sidewall of the open- 
ing. Hence, the opening may be blocked before the inte- 
rior of the opening is fully filled and the space inside the 
opening is not fully filled. Because voids are formed within 
the bumps, the height level of the bump may vary consid- 
erably. 
Summary of Invention 

[0010] Accordingly, one object of the present invention is to pro- 
vide a process for fabricating bumps on a substrate. The 
process utilizes an increasing step current to carry out an 
electroplating operation so that the bumps have a uniform 
thickness. 

[0011] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a bump 
fabrication process. First, a substrate having a plurality of 



bonding pads and a passivation layer thereon is provided. 
The passivation layer has openings that expose the bond- 
ing pads. Thereafter, a photoresist layer is formed over 
the substrate. The photoresist layer has a plurality of 
openings having different widths. The openings are 
formed in locations to correspond to the bonding pads. 
The substrate is immersed into an electrolytic solution 
and then an increasing step current is applied to carry out 
an electroplating operation so that bumps with an uniform 
thickness are formed over the substrate. 
[0012] | n one embodiment of this invention, the step current lies 
between a low current I and a high current I . The 

min *"' max 

current I is the smallest current applied to start the 

min 

electroplating operation and I is the largest permissible 

max 

current for performing the electroplating operation. 

[0013] | n one embodiment of this invention, the step current may 
comprise a number of linear currents. In addition, there 
are intervals without providing any current between pro- 
viding the linear currents, so that the metallic ions within 
the electrolytic solution are provided with enough time to 
diffuse into the openings. 

[0014] Furthermore, the step current may comprise a series of 

pulse currents including a peak current and a trough cur- 



rent. The peak current of the pulse currents is set between 
I and I and the trough current is set to a positive 

min max 

value smaller than I , zero or a negative value. Obvi- 

min 

ously, the step current may comprise a combination of at 
least a pulse current and a plurality of linear currents. 

[0015] | n this invention, an increasing step current is applied to 
perform an electroplating operation so that the metallic 
ions within the electrolyte has sufficient time to diffuse 
into the openings on the substrate. Ultimately, bumps 
with an uniform thickness are formed inside various 
openings. In addition, the step current may include a plu- 
rality of pulse currents. If the trough current of the pulse 
current falls to a negative value, the conductive material 
deposited near the corner regions between the top and 
sidewalls of the openings will be electrolyzed to prevent 
the conductive material block the mouth of the opening. 
Hence, the conductive material can fills into the openings 
during the electroplating operation without the formation 
of voids. Since novoids are formed inside the bump, the 
subsequent lowering of the bump height after a reflow 
process can be avoided. 

[0016] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 



plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0017] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0018] pig. 1 is a schematic cross-sectional view of conventional 
bumps over a substrate. 

[0019] pig. 2 is a flow chart showing the steps for forming bumps 
on a substrate according to one preferred embodiment of 
this invention. 

[0020] Figs. 3A and 3B are graphs showing the current versus 
time relation for performing an electroplating operation 
according to this invention. 

[0021] Figs. 4A through 4C are graphs showing alternative cur- 
rent versus time relation for performing an electroplating 

operation according to this invention. 
Detailed Description 

[0022] Reference will now be made in detail to the present pre- 



ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0023] pig. 2 is a flow chart showing the steps for forming bumps 
on a substrate according to one preferred embodiment of 
this invention. First, a substrate, such as a wafer having a 
plurality of bonding pads and a passivation layer thereon, 
is provided (step SI). The passivation layer on the surface 
of the substrate exposes the bonding pads. Thereafter, a 
photoresist layer is formed over the substrate (step S2). 
The photoresist layer has a plurality of openings with hav- 
ing different widths, and each opening is positioned over 
one bonding pad. Next, the substrate is dipped into an 
electrolytic solution (step S3). Finally, an increasing step 
current is applied to performing an electroplating opera- 
tion (step S4). Because a lower current is used in the front 
part of the electroplating operation, the metallic ions 
within the electrolytic solution have sufficient time to dif- 
fuse into narrow photoresist openings and adhere to the 
bonding pad. However, as the aspect ratio of the photore- 
sist opening gradually reduces due to deposition of the 



metallic material, the electric current is increased to speed 
up the electroplating process. Hence, through the step- 
wise increase of the current, bumps having a uniform 
thickness are formed inside various openings above the 
substrate. 

[0024] pigs. 3A and 3B are graphs showing the current versus 
time relation for performing an electroplating operation 
according to this invention. The increasing step current 
applied to the electrolytic solution as shown in Fig. 3A 
comprises a plurality of linear currents (three linear cur- 
rents II, 12 and 13). The linear currents (II, 12 and 13) are 
set up between I and I where I is the smallest 

min max min 

current to start the electrolytic operation and I is the 

max 

largest permissible current for performing the electrolytic 
operation. 

[0025] Halfway through the electroplating operation with linear 
currents (II, I2and 13), the supply of current to the elec- 
trolytic solution may be temporarily shut down as shown 
in Fig. 3B. The temporary shutdown of current provides 
time for the metallic ions to diffuse into the openings. 
Hence, the electroplating rate inside various photoresist 
openings is synchronized when the passage of current 
through the electrolytic solution is resumed, thus produc- 



ing bumps with a uniform thickness. Although only one 
shutdown of the current is shown during the electroplat- 
ing operation in Fig. 3B, the actual number of shutdowns 
normally varies depending on the actual requirements. 
[0026] pigs. 4A through 4C are graphs showing alternative cur- 
rent versus time relation for performing an electroplating 
operation according to this invention. As shown in Figs. 
4A to 4C, the step current actually comprises of a series 
of pulse currents. In this embodiment, each step current is 
actually a combination of three identical pulse currents 
(PI, P2 and P3). Each pulse current includes a peak cur- 
rent and a trough current, while the peak current is be- 
tween I and I . The trough current is either a positive 

min max 

current smaller than I as shown in Fig. 4A, or zero (zero 

min 

current) as shown in Fig. 4B or the trough current is a 
negative current as shown in Fig. 4C. If the trough current 
of the pulse currents (PI, P2 and P3) is a positive current 
smaller than I or zero, the pulse current is an on/off 

min 

pulse current. In other words, no current is applied to the 
electrolytic solution for a brief period during a running 
cycle of the on/off pulse currents, so that the metallic 
ions can have sufficient time to diffuse into the openings. 
On the other hand, if the trough current of the pulse cur- 



rent (PI, P2 and P3) is a negative current smaller than I , 

min 

the pulse current is a periodical reverse current. In other 
words, during the period of providing the reverse current, 
instead of electroplating, the electrolysis reaction occurs 
to the plated material. Thus, a portion of the conductive 
material deposited to the corner regions between the up- 
per surface and the sidewall of the opening will be elec- 
trolyzed, thus preventing the blocking of the mouth for 
openings during filling the openings. By providing the re- 
verse current, formation of voids inside the bump are 
avoided and the bump height will not become lower after 
a reflow process. 

[0027] of course, according to the process described in this in- 
vention, the step current may comprise a combination of 
at least one pulse current and a plurality of linear currents 
(not shown). Since the method of controlling the step cur- 
rent is similar to the method described above, the operat- 
ing details are not repeated. 

[0028] | n summary, the bump fabrication process according to 
this invention at least includes the following advantages: 

[0029] i. By applying an increasing step current to an electrolytic 
solution, the metallic ions within the electrolytic solution 
has enough time to diffuse into the narrow openings in 



the photoresist layer. Hence, the electroplating rate inside 
openings of variant widths is constant and the thickness 
of the bump inside each opening is uniform. 

[0030] 2. If a reverse pulse current is applied during the electro- 
plating cycle, some of the conductive material adhered to 
the mouth regions of the openings can be electrolyzed 
(become re-dissolved). This avoids blocking the mouth of 
openings during filling the openings and the formation of 
voids inside the bump, thus preventing the lowering of 
the bump height after a reflow process. 

[0031] it w j|| b e apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



